
ATTENTION AS AN ORGAN SYSTEM:
Implications for education training andImplications for education, training and 
rehabilitation

MICHAEL I. POSNER
UNIVERSITY OF OREGONUNIVERSITY OF OREGON

OFFICE OF NAVAL RESEARCH 
MARCH 31,  2010



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
31 MAR 2010 2. REPORT TYPE 

3. DATES COVERED 
  00-00-2010 to 00-00-2010  

4. TITLE AND SUBTITLE 
Attention as an Organ System: Implications for education, training and 
rehabilitation 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
University of Oregon,Eugene,OR,97403 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 
presented his work in the field of cognitive neuroscience as part of the Office of Naval Research?s
Distinguished Lecture Series 

14. ABSTRACT 
 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as

Report (SAR) 

18. NUMBER
OF PAGES 

58 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



BRAIN
IMAGING

GENOMICS

ELECTRICAL RECORDING
Slide 2





ALERTING AND BRAIN 
STATES



Time Line

Enc    Warn Both

+   +   A         

A  Aa

a a



ADHD AND ALERTING



Corbetta & Shulman, 2002



P 1980Posner, 1980



P 1980Posner, 1980



Thompson, et al 2005



Thompson et al
2005



AUTISM AND ORIENTINGAUTISM AND ORIENTING



EXECUTIVE NETWORK 

CONFLICT

CU O

CONFLICT

SELF REGULATION



STROOP EFFECT

BLUEBLUE
GREEN
Yellow
Red



COGNITION  ANDEMOTIONAL CONTROL
 IN THE CINGULATE CORTEX

BUSH, LUU & POSNER, 2000



Linking Self-Regulation and Attention: Effortful Control

Effortful Control

Construct that consistently emerges from factorial analysis of temperament
ti i

ATTENTIONAL SHIFTING
ATTENTIONAL FOCUSSING
INHIBITORY CONTROL

questionnaires.

Loading scales:

Effortful Control and Self-Regulation

INHIBITORY CONTROL
PERCEPTUAL SENSITIVITY

g

Systems of effortful control allow the individual to approach situations in the
face of immediate cues for punishment and to avoid situations in the face of
immediate cues for reward

Key temperamental dimension on the basis of the development from more
reactive to more self-regulative behavior in children

Effortful control is a construct situated at the intersection of the temperament
and behavioral regulation literatures (Kochanska et al. , 2000)
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Figure 1Figure 1

DRD4 and executive attention The Y-axis shows normalized executive attention scoresDRD4 and executive attention The Y axis shows normalized executive attention scores
(mean ± SE). The X-axis shows distributions for each genotypic class. Panel A shows
the distribution of executive attention score as a function of exon III VNTR genotype
in the 4-repeat absent vs. 4-repeat present groups. Panel B shows distribution of
executive attention score as a function of a single nucleotide genotype (CC, CT and
TT) t iti  521TT) at position -521.



Mapping the genetic variation of executive attention
onto brain activityfMRI results: N=16

MAOA promoter (4-repeat) > (3-repeat) DRD4 promoter (insertion-allele) > (deletion-alleles)
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Fan, J., Fossella, J.A., Sommer, T., Wu, Y., & Posner M.I. (2003).  Mapping the genetic variation of executive attention onto brain activity. Proceedings of the National
Academy of Sciences USA, 100(12), 7406-7411
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Effect of five days of training on ANT performance to 
measure the conflict resolution abilitymeasure the conflict resolution ability

Tang et al, PNAS, 2007



Comparison of Scales of POMS pre- and post-training

A (anger—hostility); C (confusion—bewilderment); D (depression—dejection); 
F (fatigue—inertia); T (tension—anxiety); V (Vigor-Activity).





Comparison of Cortisol concentration in three 
different stages (stress management)g ( g )

Tang et al, PNAS, 2007





Comparison of sIgA concentration in three different 
stages (immunoactivity)g ( y)

Tang et al, PNAS, 2007
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Brain imaging

• vACC plays an important role after 5 days of IBMT than 
relaxation in Chinese

N=10, P<0.05



Differences 

• American uses more language strategy to enter the meditation g g gy
state compared to Chinese

• Chinese uses more inner experiences to enter the state 
• More conscious control and effort associated to dorsal ACC• More conscious control and effort associated to dorsal ACC 

activity in American 
• Less control and effort associated to ventral ACC activity in 

ChiChinese
• Better compliance in Chinese compared to American
• OthersOthers 

www.yi-yuan.net



Diffusion Tensor Imaging

Jellison 2004
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QuickTime™ and a
TIFF (Uncompressed) decompressorTIFF (Uncompressed) decompressor

are needed to see this picture.

Chase & Simon , 1973
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